Imagine you're walking down a busy shopping street and come across an individual or a small group of people staring intently upwards at a thirdfloor window. Will you stop and look up as well? Will you be more likely to follow their gaze if there are more people looking up already? Would you be more likely to risk a peep if you were behind the backs of those looking up, so they can't see you're copying their action?
Scientists have studied gazefollowing mainly in laboratory settings since the 1960s, but only recently has it become possible to track the movements and responses of thousands of people in naturalistic settings, such as a crowded street or a railway station. The recent studies of large numbers of humans 'in the wild' have come to different conclusions from the earlier more restricted ones.
Gaze-following
The group of Iain Couzin at Princeton, together with David Sumpter at Uppsala and colleagues at Oxford, has recently reported several studies using gaze-following experiments in natural settings. In one group of experiments, the researchers employed a single person or stimulus groups of up to 15 people to walk into the middle of an area they were filming from above, stop, and look upwards at the camera for 60 seconds. From the video footage covering an area of 10 metres width and eight metres depth, the researchers could analyse precisely how passersby responded to the stimulus, including not only length and location of gaze-following, but also whether they changed direction or slowed down. They used statistical analysis to link the behavioural output variables to parameters such as the size of the stimulus group and the relative location of passersby in relation to the stimulus group (Proc. Natl. Acad. Sci. USA (2012), 109, 7245-7250).
Their analysis shows that the proportion of passersby following the gaze of the stimulus group increases gradually with the size of that group. A single person doing the stimulus routine only inspired less than 5% of passersby to look up. There is a significantly stronger response to group sizes from 5 to 10 people, with around one third of passersby becoming curious. Beyond that, the increase seems to level off at around 40%.
This profile differs significantly from a study reported in the 1960s, where a steeper rise at smaller group sizes led to a higher saturation. Psychologists have commonly interpreted that result in terms of a quorum response, which is often observed in animals. According to this model, as soon as a critical number of individuals engages in a Feature behaviour, virtually all others will copy it. The crowd or herd 'crystallises' from a state of randomly distributed gaze orientations to one of uniformly aligned behaviour.
The new work from Couzin and colleagues, however, suggests that pedestrians in the street are not quite as easily aligned as the quorum model suggests, and that it can be described as a proportional saturating response instead. Mathematically, this model can also accommodate the earlier data, but leads to a different and more complex interpretation of the behaviour. "We find that our studies are mutually supportive of the view that gaze-copying is not as strong as previously assumed," Couzin summarises. "This turns out to be a useful thing in that if it were much stronger it could lead to 'crystallisation' of gaze-copying behaviour in crowds whereby people get 'trapped' into meaningless gaze-copying, as Recent research has provided new insights into how crowds of people and herds of animals share information and make decisions. Does this knowledge help to keep people safe, and does it extend to online swarming behaviour? Michael Gross investigates.
Is it wise to join the crowd?
Looking up: Coming across a stranger looking upwards, would you follow his gaze? The photo shows the statue by Martin Jennings of the writer and poet John Betjeman opposed to directing gaze to stimuli that are likely to be more pertinent."
Additional complications come from the paths that people follow. Those whose original trajectories would lead them to pass behind the backs of the stimulus person or group were more likely to look up than those who would pass in front of them. The researchers conclude that the gaze-following is not due to some kind of social pressure. Instead, looking without being seen to be looking appeared the more attractive option.
Similarly, in a separate study, Couzin's group observed that moving pedestrians are more likely to follow the gaze of those walking in front of them than of those facing them and moving in the opposite direction (Biol. Lett. (2012), doi: 10.1098/ rsbl.2012.0160). "It is possible that this response serves an important adaptive function," Couzin explains; "since those ahead, and moving in the same direction, are likely to be experiencing the world that we will shortly experience, it pays for us to be tuned to pay attention to their gaze behaviour."
Another factor is the distance from the stimulus. In a further type of experiments, where the stimulus group acted suspiciously to attract attention from passersby, the authors could show that the shared attention of passersby remained confined to distances of less than two metres.
Jolyon Faria from the University of Leeds, together with colleagues in Germany, noticed similar distance constraints when they observed pedestrians crossing a road (Behav. Ecol. (2010 ) 21, 1236 -1242 . "The functional reason for this localised behaviour is probably that only the behaviour of people very close to you is really relevant because many of the important stimuli (e.g. an oncoming car) only apply in this localised spatial setting," explains co-author Jens Krause from the Leibniz Institute of Freshwater Ecology and Inland Fisheries at Berlin.
Safety in numbers
Pedestrians crossing the road may also be seeking safety in numbers, assuming that an oncoming car is more likely to slow down for a group of them than for a single person. Similarly, research has shown that schooling fish are safer from predators in larger groups. This holds true in spite of the fact that the large school of prey fish is more visible and predators may find them more easily.
In a Current Biology paper published online (Curr. Biol. (2012), doi:10.1016/j.cub.2012.04.050), the groups of Iain Couzin at Princeton and Nils Olav Handegard at the Institute of Marine Research in Bergen, Norway, have for the first time studied the dynamic interaction between a schooling fish prey and its predator to show in which ways the schooling behaviour can offer protection, and how the predator tries to counter this effect.
Specifically, the researchers used high-resolution sonar imaging to observe schools of juvenile Gulf menhaden (Brevoortia patronus) and their predator, the spotted sea trout (Cynoscion nebulosus), in the coastal areas of the Gulf of Mexico. The faster swimming predator typically approaches the school from behind, but the more manoeuvrable prey school swiftly parts to evacuate the predator's path.
The researchers deliberately chose a system where they can rule out the interpretation that all the individuals see the predator coming. The natural environment of these fish species is so turbid that the visibility is restricted to the nearest neighbours in the school. Thus, all collective responses of the prey school are likely to be caused by social information exchange, most likely by responding to the behaviour of the nearest neighbours.
"In this environment the low visibility also likely contributes to the tendency for predators to group together during hunting, forming lines with as many as five individuals in a fast-moving winding attack. We find evidence that predators hunting in this way 'cut' groups up and prevent them from reforming as quickly," Couzin explains. "The collective information transfer among prey is so effective that this strategy appears to be a way to create, and then hunt, small groups where individuals are more vulnerable since they cannot benefit from fast and long-range transfer of cues regarding the location of predators as can large prey schools."
Schooling fish have also served as a model system for studies of decision-making in large groups. In a pair of papers published last December and January, Couzin and his Princeton colleague Naomi Leonard, with collaborators in Germany and the UK, used theoretical and experimental methods to determine how groups of animals make collective decisions when there is a disagreement between a larger part of the group (majority) and a smaller but more opinionated group (minority). Models showed that the presence of a large group of undecided individuals makes it more likely that a collective decision is made (Proc. Natl. Acad. Sci. USA (2012), 109, 227-232). The models and experiments with schooling fish also demonstrated that the presence of undecided individuals can swing the collective decision in favour of the majority (Science (2011), 334, 1578-1580).
Although cynical comparisons with herding behaviour of human voters would be easy to make, Couzin warns that the models don't cover the complexities of the democratic process. The research could help to understand smaller groups of people, however. Couzin says that "it may -although I stress we don't know yet -relate to decision-making among some human groups, such as committees or juries."
Crowd management
Understanding the information flow and behaviour of human groups and crowds is particularly important where there are large numbers on the move and a collective movement may lead to fatal results, as in the Loveparade disaster in Duisburg, Germany, where 21 people died in 2010.
"One problem with our data for human crowds is that it (necessarily) comes from non-emergency situations, and the heuristics that people use walking down a busy pedestrian street might go out the window when they trying to escape from a fire or disaster situation," warns Andrew King, who studies decision-making and information flow in human and animal groups at the Royal Veterinary College, University of London. "So we should be careful about using these data to make inferences about what people do in emergency situations."
Nevertheless, scientific analysis of crowd dynamics and installation of automatic cameras seems to have improved the safety situation at Mecca, where around three million pilgrims congregate each year. Communication difficulties between the visitors arriving from many different countries have contributed to a number of disasters in which hundreds of people died.
At such large events, the smooth and unhindered flow of the crowds is crucial. Detailed investigations from Mehdi Moussaid at Toulouse, France, have recently added to our understanding of the flow dynamic of human crowds (PLoS Comput. Biol. (2012) 8: e1002442) .
Copying others or going with the flow can lead to escalating danger, for example in panic situations or in riots (see Curr. Biol. (2011) 21, R673-R676). Even crowds linked by means of electronic communications can develop herd behaviour and panic, the most notorious current example being the financial markets (see Curr. Biol. (2011) 21, R795-R798) .
Herd behaviour has also been invoked to describe escalating collective responses seen in fast-moving online media such as twitter. However, Jens Krause cautions: "I haven't seen any really good data sets on comparing online processes to real-life behaviour and would be careful to generalise because some factors may not be directly comparable."
Duncan Watts from Yahoo! has conducted some research on 'social contagion' in online communities and argues that medical analogies such as the references to 'viral' memes are exaggerating the efficiency of information spread online. "Unlike for influenza, to which you're either exposed or not exposed, even the ideas you do encounter have to compete for attention with everything else that you're exposed to," Watts concludes (http://poptech.org/e1_duncan_ watts).
A recent modelling study finds that in the situation of a large information overload, randomness has a large role to play (Sci. Rep. (2012), 2, article number 335, doi:10.1038/ srep00335). The authors conclude: "Surprisingly, we can explain the massive heterogeneity in the popularity and persistence of memes as deriving from a combination of the competition for our limited attention and the structure of the social network, without the need to assume different intrinsic values among ideas."
The influx of many conflicting signals may also help to explain the relatively low response in the gaze-following experiment. David Sumpter, one of the co-authors of the study, comments: "I would say that humans have different responses depending upon how important the information is to them. In gaze-following, we found a weak response to the gazes of others, while in fish and ants we found strong quorum-like responses. But if humans had to make their minds up about something important I would imagine that they would use quorum responses because these allow for more accuracy and speedier decisions."
Most of the time -as long as we are not panicking -we humans are quite good at deciding which cues from the crowd to take and which to ignore. Personally, as a keen photographer, I would of course follow the gaze of someone looking up, as there might be a snap in it for me. As animals endowed with consciousness and self-awareness, we humans have the freedom to decide whether we want to do our own thing or go with the herd.
Michael Gross is a science writer based at Oxford. He can be contacted via his web page at www.michaelgross.co.uk experience, but I decided to further my biological interests by applying for entrance in Cornell's Agricultural school. My experience came in handy, as all entering male undergraduates had to pass a 'farm test' before they could be approved for entrance. So after I had milked a cow, backed a tractor with a load of hay through a narrow barn door and identified some grains, I was accepted.
Do you have a 'hero'?
My first hero, while still in high school, was Leonardo da Vinci. I spent many hours pondering over his notebooks and marveled at his early experiments. I later became fascinated by the accounts of natural history in Herodotus' The Persian Wars and in the works of Pliny the elder, especially his Naturalis Historia.
What do you think about the "electronic revolution" in publishing? I think it is a wonderful idea for all scientific information to be freely available to anyone. However, I feel that hard copies of all publications should be maintained in some repository as a backup just in case the on-line system fails.
Do you have any strong views on scientific journals and the peer review system? The problem with peer review has always been the lack of objectivity. Cases where papers are rejected outright because the reviewer does not agree with a proposed theory or does not like the author are not uncommon. Some journals send out review papers without the author's names, and give the author an opportunity to oppose certain reviewers. What is the best advice you've been given about a career in biology? To follow your heart and enter the field that holds your interest. Even if job prospects look bleak, if you are dedicated and well prepared, you should eventually find a satisfying position. In my primary school, there was a quotation from Abraham Lincoln hanging in the auditorium that read, "I will study and get ready and some day my chance will come". I kept this simple advice in the back of my mind ever since.
What is your greatest ambition?
If you knew what you know earlier on, would you still pursue the same career? Definitely! I was fascinated with animals and plants as a young boy and wanted to find a position in biology right after high school. However, my father, who was a professional violinist and Bach scholar, wanted me to become a musician. So, I spent 2-3 hours each day practising the violin and piano. I eventually rebelled and at 15 went to Iowa where I took a job as a farm hand at 75 dollars a month with room and board. Farming was a liberating
